AppIn.No. 10/675,631 

Response dated October 9, 2007 

Reply to Office Action dated July 12, 2007 

REMARKS 

Favorable reconsideration and allowance of all pending claims in view of the following 
remarks is respectfully requested. 

Claims 1-75 are pending in this application. The Examiner's indication in the Office 
Action that Claims 63-75 are allowed over the prior art is noted with appreciation. 

The Examiner has rejected Claims 1-11, 14-23, 26-37, 39, 40, 42-45, 49-51 and 54-62 
under 35 U.S.C. §102(b) as being anticipated by Price U.S. Patent No. 3,140,997 ("Price"). This 
rejection is respectfully traversed. 

Price fails to disclose a stable colloidal suspension comprising "(a) a dispersed phase 
comprising a major amount of one or more dispersed hydrated polymeric compounds selected 
from ... polymolybdates ... and, (b) an oil phase comprising one or more dispersing agents and a 
diluent oil, wherein the stable colloidal suspension is substantiallyclear'' as generally recited in 
independent Claims 1,18 and 43. 

It is well established that for a prior art reference to evidence lack of novelty 
(anticipation) of the subject matter of a claim under 35 U.S.C. §102, each and every element as 
set forth in the claim must be either expressly or inherently described in a single prior art 
reference. Verdegall Brothers, Inc. v. Union Oil Co. ofCal, 814 F.2d 628, 631, 2 USPQ2d 
1051, 1053 (Fed. Cir.), cert, denied, 484 U.S. 827 (1987). 

In the Office Action, the Examiner states that "Price discloses compositions falling 
within the scope of "stable colloidal suspensions" having the instantly claimed components at 
column 1, lines 9-15 and 55-63, which acidic aqueous media is expected to form the instantly 
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claimed polymolybdates with the claimed molybdenum compounds and to hydrate said 
polymolybdates". 

In contrast to the presently claimed invention, Price discloses a process for preparing a 
colloidal molybdenum complex which involves extracting a molybdenum compound from an 
acidic aqueous solution with a ketone, dispersing the resulting ketone extract containing a 
molybdenum compound in an oil-soluble basic metal-containing dispersant and removing the 
ketone and water from the dispersion. Price fiirther discloses that the molybdenum compound is 
dissolved in a minimum amount of water necessary for a complete solution. Price goes on to 
state that sufficient mineral acid such as HCl is added to the solution to produce a solution 
having a normality of 2 to 12 and preferably 4 to 8. One skilled in the art of chemistry would 
readily understand that the pH of a solution having a normality of 2 to 12 and preferably 4 to 8, 
would be less than 2, 

However, at a pH of less than 2, any polymolybdate present in the solution would 
necessarily breakdown into a non-polymeric molybdate. This is evidenced in, for example, 
Molbdenum: The Element and Aqueous Solution Chemistry, Volume 36.1, pp. 1256-1264 
(Exhibit 1) (as attached herein) which states that "The incidence of protonation at pH - 7 triggers 
polymerization. Polymeric forms play a dominant role in the chemistry of Mo^' from pH 7 
down to 2. At pH 2 to 1 (depending on the concentration) break down of polymers to give 
dimeric and monomeric octahedral forms occurs, where the latter are often referred to as 
[Mo(OH)6]." As such, the aqueous acidic solutions disclosed in Price would not contain (a) a 
dispersed phase comprising a major amount of one or more dispersed hydrated polymeric 
compounds selected from . . . polymolybdates . . . and, (b) an oil phase comprising one or more 
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dispersing agents and a diluent oil. In contrast, the aqueous acidic solutions would simply be an 
aqueous acidic solution containing a molybdenum compound in which the molybdenum 
compound is then extracted from the acidic aqueous solution with a ketone, dispersed in an oil- 
soluble basic metal-containing dispersant and the ketone and water are then removed from the 
dispersion. Accordingly, Price does not disclose a stable colloidal suspension comprising '\a) a 
dispersed phase comprising a major amount of one or more dispersed hydrated polymeric 
compounds selected from ... polymolybdates ... and (b) an oil phase comprising one or more 
dispersing agents and a diluent oil" as generally recited in independent Claims 1,18 and 43. 

In addition, Price further discloses in Example 2 that the dispersion is heated and stripped 
with gases to remove ketones and water. However, as stated in Example 4 of Applicants' 
specification, extended dehydration of the recited colloidal suspension would provide a colloidal 
suspension which is hazy, i.e., not clear. Thus, Price would not even provide a substantially 
clear colloidal suspension much less a colloidal suspension comprising "(a) a dispersed phase 
comprising a major amount of one or more dispersed hydrated polymeric compounds selected 
from the group consisting of polymolybdates, polytungstates and polyvanadates; and, (b) an oil 
phase comprising one or more dispersing agents and a diluent oil", as presently recited in Claims 
1,18 and 43. Thus, Claims 1,18 and 43 are further believed to not be anticipated by Price. 

In addition, with respect to Claim 1 8, nowhere does Price disclose a process for preparing 
a stable colloidal suspension comprising: 

"mixing, under agitation, (a) an aqueous solution comprising one or more hydrated 
polymeric compounds selected from the group consisting of polymolybdates, polytungstates, 
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polyvanadates, polyniobates, polytantalates, polyuranates, and mixtures thereof; (b) one or more 
dispersing agents and (c) a diluent oil to form a micro emulsion; and, 

heating the micro emulsion to a temperature to remove sufficient water so as to produce a 
stable colloidal suspension . . . wherein the stable colloidal suspension is substantially clear" as 
presently recited in Claim 18. 

Nor, with respect to Claim 43, does Price disclose a process for preparing a stable 
colloidal suspension comprising: 

"mixing, under agitation, an (a) aqueous solution comprising (i) one or more monomeric 
compounds selected from the group consisting of molybdenum, tungsten, and vanadium 
containing compounds and (ii) an effective amount of an acid capable of at least partially 
polymerizing the one or more monomeric compounds; (b) one or more dispersing agents and (c) 
a diluent oil to form a micro emulsion; and, 

heating the micro emulsion to a temperature to remove sufficient water so as to produce a 
stable colloidal suspension . . . wherein the stable colloidal suspension is substantially clear" as 
presently recited in Claim 43. 

Rather, as stated above, Price discloses a colloidal molybdenum complex obtained by 
extracting a molybdenum compound from an acidic aqueous solution with a ketone, dispersing 
the resulting ketone extract containing a molybdenum compound in an oil-soluble basic metal- 
containing dispersant and heating and stripping the dispersion with gases to remove the ketone 
and water from the dispersion. Price further discloses that "[a]fter a period of agitation for 
proper contact with the ketone and then a period of settling for separation, the ketone extract 
layer is added to a suitable dispersant." Price goes on to state that the ketone and water are 



18 



Appln.No. 10/675,631 

Response dated October 9, 2007 

Reply to Office Action dated July 12, 2007 

thereafter removed. Certainly, then, Price further does not disclose all the element and 
limitations of the process set forth in Claim 18, comprising "mixing, under agitation, (a) an 
aqueous solution comprising one or more hydrated polymeric compounds selected from the 
group consisting of polymolybdates, polytungstates, polyvanadates, polyniobates, polytantalates, 
polyuranates, and mixtures thereof; (b) one or more dispersing agents and (c) a diluent oil to 
form a micro emulsion; and, heating the micro emulsion to a temperature to remove sufficient 
water so as to produce a stable colloidal suspension . . . wherein the stable colloidal suspension is 
substantially clear." Nor does Price further disclose all the element and limitations of the process 
set forth in Claim 43, comprising "mixing, under agitation, an (a) aqueous solution comprising 
(i) one or more monomeric compounds selected from the group consisting of molybdenum, 
tungsten, and vanadium containing compounds and (ii) an effective amount of an acid capable of 
at least partially polymerizing the one or more monomeric compounds; (b) one or more 
dispersing agents and (c) a diluent oil to form a micro emulsion; and, heating the micro emulsion 
to a temperature to remove sufficient water so as to produce a stable colloidal suspension . . . 
wherein the stable colloidal suspension is substantially clear." Accordingly, Claims 1 8 and 43 
are believed to be further patentable over Price. 

For the foregoing reasons. Claims 1-11, 14-23, 26-37, 39, 40, 42-45, 49-51 and 54-62 
possess novel subject matter relative to Price. Thus, withdrawal of the rejection of 1-1 1, 14-23, 
26-37, 39, 40, 42-45, 49-51 and 54-62 under 35 U.S.C. §102 (b) is respectfully requested. 
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The Examiner has rejected Claims 1-1 1, 14-23, 26-37, 39, 40, 42-45, 49-51 and 54-62 
under 35 U.S.C. § 103(a) as being obvious over Price. This rejection is respectfully traversed. 

Price likewise provide no suggestion or motivation of a stable colloidal suspension 
comprising "(a) a dispersed phase comprising a major amount of one or more dispersed hydrated 
polymeric compounds selected from ... polymolybdates ... and, (b) an oil phase comprising one 
or more dispersing agents and a diluent oil, wherein the stable colloidal suspension is 
substantially clear'' as generally recited in independent Claims 1,18 and 43. 

Rather, as stated above, Price discloses a process for preparing a colloidal molybdenum 
complex which involves extracting a molybdenum compound from an acidic aqueous solution 
with a ketone, dispersing the resulting ketone extract containing a molybdenum compound in an 
oil-soluble basic metal-containing dispersant and removing the ketone and water from the 
dispersion. Price further discloses that the molybdenum compound is dissolved in water and 
then sufficient mineral acid such as HCl is added to the solution to produce a solution having a 
normality of 2 to 12 and preferably 4 to 8. As stated above, one skilled in the art of chemistry 
would readily understand that the pH of a solution having a normality of 2 to 12 would be less 
than 2. 

However, as stated above, at a pH of less than 2, any polymolybdate present in the 
solution would necessarily breakdown into a non-polymeric molybdate. This is again evidenced 
in, for example, Molbdenum: The Element and Aqueous Solution Chemistry, Volume 36.1, pp. 
1256-1264 (Exhibit 1) which states that "The incidence of protonation at pH - 7 triggers 
polymerization. Polymeric forms play a dominant role in the chemistry of Mo^' from pH 7 
down to 2. At pH 2 to 1 (depending on the concentration) break down of polymers to give 
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dimeric and monomeric octahedral forms occurs, where the latter are often referred to as 
[Mo(OH)6]." As such, the aqueous acidic solutions disclosed in Price would not contain (a) a 
dispersed phase comprising a major amount of one or more dispersed hydrated polymeric 
compounds selected from . . . polymolybdates . . . and, (b) an oil phase comprising one or more 
dispersing agents and a diluent oil. In contrast, the aqueous acidic solutions would simply be an 
aqueous acidic solution containing a molybdenum compound in which the molybdenum 
compound is then extracted from the acidic aqueous solution with a ketone, dispersed in an oil- 
soluble basic metal-containing dispersant and the ketone and water are then removed from the 
dispersion. Accordingly, one skilled in the art would be led away by the disclosure in Price. 

In addition, Price further discloses in Example 2 that the dispersion is heated and stripped 
with gases to remove ketones and water. However, as stated in Example 4 of Applicants' 
specification, extended dehydration of the recited colloidal suspension would provide a colloidal 
suspension which is hazy, i.e., not clear. Thus, nothing in Price would lead one skilled in the art 
to modify the colloidal molybdenum complex containing a dispersed molybdenum compound in 
an oil solution and arrive at the presently recited stable colloidal suspension comprising "(a) a 
dispersed phase comprising a major amount of one or more dispersed hydrated polymeric 
compoimds selected from . . . polymolybdates . . .and, (b) an oil phase comprising one or more 
dispersing agents and a diluent oil, wherein the stable colloidal suspension is clear" of 
independent Claims 1,18 and 43. Accordingly, one skilled in the art would be led away by the 
disclosure in Price. 

In addition, with respect to Claim 1 8, nowhere does Price provide any suggestion or 
motivation of a process for preparing a stable colloidal suspension comprising: 
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"mixing, under agitation, (a) an aqueous solution comprising one or more hydrated 
polymeric compounds selected from the group consisting of polymolybdates, polytungstates, 
polyvanadates, polyniobates, polytantalates, polyuranates, and mixtures thereof; (b) one or more 
dispersing agents and (c) a diluent oil to form a micro emulsion; and, 

heating the micro emulsion to a temperature to remove sufficient water so as to produce a 
stable colloidal suspension . . . wherein the stable colloidal suspension is substantially clear" as 
presently recited in Claim 18. 

Nor, with respect to Claim 43, does Price provide any suggestion or motivation of a 
process for preparing a stable colloidal suspension comprising: 

"mixing, under agitation, an (a) aqueous solution comprising (i) one or more monomeric 
compounds selected from the group consisting of molybdenum, tungsten, and vanadium 
containing compounds and (ii) an effective amount of an acid capable of at least partially 
polymerizing the one or more monomeric compounds; (b) one or more dispersing agents and (c) 
a diluent oil to form a micro emulsion; and, 

heating the micro emulsion to a temperature to remove sufficient water so as to produce a 
stable colloidal suspension . . . wherein the stable colloidal suspension is substantially clear" as 
presently recited in Claim 43. 

Rather, as stated above, Price discloses a colloidal molybdenum complex obtained by 
extracting a molybdenum compound from an acidic aqueous solution with a ketone, dispersing 
the resulting ketone extract containing a molybdenum compound in an oil-soluble basic metal- 
containing dispersant and heating and stripping the dispersion with gases to remove the ketone 
and water from the dispersion. Price further discloses that "[a]fter a period of agitation for 
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proper contact with the ketone and then a period of settling for separation, the ketone extract 
layer is added to a suitable dispersant." Price goes on to state that the ketone and water are 
thereafter removed. However, by subjecting the mixture of recited components (a)-(c) to 
agitation, a micro emulsion can be obtained, which, after heating to a temperature to remove 
sufficient water, produces the claimed stable clear colloidal suspension which is substantially 
clear. Certainly, then, the disclosure in Price of first agitating the ketone extract layer, adding a 
dispersant to the ketone extract layer and then removing the ketone and water therefrom to 
prepare the colloidal molybdenum complex provides no suggestion, motivation or even a hint of 
forming a micro emulsion by subjecting the mixture of recited components (a)-(c) to agitation 
and then heating the micro emulsion to a temperature to remove sufficient water and produce the 
claimed stable clear colloidal suspension which is substantially clear as presently recited in 
Claims 18 and 43. Accordingly, Claims 18 and 43 are believed to be further patentable over 
Price. 

For the foregoing reasons, Claims 1-11, 14-23, 26-37, 39, 40, 42-45, 49-51 and 54-62 are 
believed to be nonobvious, and therefore patentable, over Price. Accordingly, withdrawal of the 
rejection of Claims 1-11, 14-23, 26-37, 39, 40, 42-45, 49-51 and 54-62 under 35 U.S.C. § 103(a) 
is respectfully requested. 

The Examiner has rejected Claims 1-62 under 35 U.S.C. §103(a) as being obvious over 
Price in view of Valcho et al. U.S. Patent No. 4,601,837 ("Valcho et al."). This rejection is 
respectfully traversed. 
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The deficiencies of Price discussed above apply with equal force to this rejection. 
Valcho et al. do not cure and are not cited as curing the deficiencies of Price. Instead, Valcho et 
al. are merely cited for the disclosure that polybutene succinic anhydride can be added to the 
reaction zone as a process aid in the manufacture of an overbased molybdenum-alkaline earth 
metal sulfonate to increase the efficiency of molybdenum incorporation and improve product 
clarity. However, as with the disclosure in Price, Valcho et al. likewise provide no suggestion or 
motivation of a stable colloidal suspension comprising "(a) a dispersed phase comprising a major 
amount of one or more dispersed hydrated polymeric compounds selected from . . . 
polymolybdates ... and, (b) an oil phase comprising one or more dispersing agents and a diluent 
oil, wherein the stable colloidal suspension is substantially clear''' as generally recited in 
independent Claims 1,18 and 43. 

Rather, Valcho et al. disclose a process for the manufacture of an overbased 
molybdenum-alkaline earth metal sulfonate. Valcho et al. further disclose that the overbased 
molybdenum-alkaline earth metal sulfonate product will have a Total Base Number (TBN) of at 
least 300. Accordingly, by overbasing the molybdenum-alkaline earth metal sulfonate, the pH of 
the product will necessarily be greater than 7. 

However, at a pH of greater than 7, any polymolybdate present in the solution would 
breakdown into a non-polymeric molybdate. This is again evidenced in Exhibit 1 which states 
that "In aqueous solution the behavior of Mo(VI) is extremely pH-dependent. Above pH 7 
molybdenum (VI) occurs as the tetrahedral oxyanion Mo04^", but below pH 7 a complex series 
of concentration-, temperature-, and pH-dependent equilibria exist. The best known of these 
equilibria leads to the formation of the heptamolybdate, Mo7024^' . . . and octamolybdate. 
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Mo8026'^", ions." As such, nothing in Valcho et al. would lead one skilled in the art to look to the 
polybutene succinic anhydride processing aids for the manufacture of an overbased 
molybdenum-alkaline earth metal sulfonates disclosed therein to modify the colloidal 
molybdenum complex of Price and arrive at the presently recited stable colloidal suspension 
comprising "(a) a dispersed phase comprising a major amount of one or more dispersed hydrated 
polymeric compounds selected from ... polymolybdates ...and, (b) an oil phase comprising one 
or more dispersing agents and a diluent oil, wherein the stable colloidal suspension is 
substantially clear'^ of independent Claims 1,18 and 43. In fact, even by combining Price with 
Valcho et al. one skilled in the art would not even arrive at the presently claimed stable colloidal 
suspension. 

In addition, with respect to Claim 1 8, nowhere does Valcho et al provide any suggestion 
or motivation of a process for preparing a stable colloidal suspension comprising: 

"mixing, under agitation, (a) an aqueous solution comprising one or more hydrated 
polymeric compounds selected from the group consisting of polymolybdates, polytungstates, 
polyvanadates, polyniobates, polytantalates, polyuranates, and mixtures thereof; (b) one or more 
dispersing agents and (c) a diluent oil to form a micro emulsion; and, 

heating the micro emulsion to a temperature to remove sufficient water so as to produce a 
stable colloidal suspension . . . wherein the stable colloidal suspension is substantially clear" as 
presently recited in Claim 18. 

Nor, with respect to Claim 43, does Valcho et al provide any suggestion or motivation of 
a process for preparing a stable colloidal suspension comprising: 
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"mixing, under agitation, an (a) aqueous solution comprising (i) one or more monomeric 
compounds selected from the group consisting of molybdenum, tungsten, and vanadium 
containing compounds and (ii) an effective amount of an acid capable of at least partially 
polymerizing the one or more monomeric compounds; (b) one or more dispersing agents and (c) 
a diluent oil to form a micro emulsion; and, 

heating the micro emulsion to a temperature to remove sufficient water so as to produce a 
stable colloidal suspension . . . wherein the stable colloidal suspension is substantially clear" as 
presently recited in Claim 43. 

Rather, as stated above, Valcho et al. simply disclose stirring the reaction mixture to 
prepare the overbased molybdenum-alkaline earth metal sulfonate. However, stirring alone 
would be insufficient to form a micro emulsion as presently recited in Claims 18, 43 and 63. 
This is evidenced in Exhibit 2 (as attached herein) which states that colloid mills are used to 
emulsify liquids and further states that the colloid mills operate by rotating at speeds of 1,000- 
20,000 rpm. By subjecting the mixture of recited components (a)-(c) to agitation, a micro 
emulsion can be obtained, which, after heating to a temperature to remove sufficient water, 
produces the claimed stable colloidal suspension. Certainly, then, the disclosure in Valcho et al. 
of simply stirring the reaction mixture to prepare the overbased molybdenum-alkaline earth 
metal sulfonate provides no suggestion, motivation or even a hint of forming a micro emulsion 
by subjecting the mixture of recited components (a)-(c) to agitation and then heating the micro 
emulsion to a temperature to remove sufficient water and produce the claimed stable colloidal 
suspension as presently recited in Claims 18 and 43. As such, nothing in Valcho et al. would 
lead one skilled in the art to look to the step of stirring the reaction mixture to prepare the 
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overbased molybdenum-alkaline earth metal sulfonate disclosed therein to modify the colloidal 
molybdenum complex of Price and arrive at the recited steps of forming a micro emulsion by 
subjecting the mixture of recited components (a)-(c) to agitation and then heating the micro 
emulsion to a temperature to remove sufficient water and produce the claimed stable colloidal 
suspension which is substantially clear as presently recited in Claims 18 and 43. Again, even by 
combining Price with Valcho et al. one skilled in the art would not even arrive at the presently 
claimed processes. 

Accordingly, Claims 1-62 are believed to be nonobvious, and therefore patentable, over 
Price in view of Valcho et al. Therefore, withdrawal of the rejection of Claims 1-62 under 35 
U.S.C. § 103(a) is respectfully requested. 

For the foregoing reasons, Claims 1-75 as presented herein are believed to be in condition 
for allowance. Such early and favorable action is earnestly solicited. 
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940 MOLYBDENUM COMPOUNDS vol. 16 

MOLYBDENUM 
COMPOUNDS 

The chemistry of molybdenum, Mo, is among the most diverse of the transition 
elements. In its compounds, molybdenum exhibits coordination numbers from 
four to eight, o.xidation numbers from -11 to VI, and numerous states of aggrega- 
tion (nuclearity). Molybdenum forms binary compounds with many nonmetallic 
elements, and a number of these, namely the halides, oxides, sulfides, carbides 
nitrides, and silicides, are of technological interest. In contrast to its congeners' 
chromium and tungsten, molybdenum is found naturally in the form of its sulfide 
molybdenite [1309-56-41 MoSo. Similarly, in the enzymes in which molybdenum 
IS found, the active site Mo is generally in a high sulfur environment. This thio- 
phihcjty of Mo also plays a role in a number of its technological uses 

In biology molybdenum is a component of fertilizer and nutrient formuhi- 
tions (see FEKTilizerS; MINERAL NUTRJENTS). Over 20 enzymes have been found 
to have molyodenum as a component of their active sites. The roles of molyb- 
denum m nitrogen fixation (qv) and nitrate reduction establish this metal as a 
key element of a biological nitrogen cycle. In technology various solid and sol- 
uble molybdenum compounds have found use in lubrication (see UJBRICATION 
AND LUBRICANTS); hydrodesulfurization.- hydrpgenation, and oxidation catalysis- 
anticprrosion and coatings (qv); flame and smoke retardancy (see Flame RETAr- 
DANTS); and various forms of pigmentation. 

The. most important molybdenum oxidation states are VI V tV HI IT -and 
0. 'I^e higher oxidatiorts(^te|agHiitiS^^^ by molybdenum.'binding 

to electronegative at6in'4;%^ibJi^iis{6x^^ and the halogens. The lowest oxidation 
states are- largely in l:he*0p>t drganoinetaOic chemistrv, wherein the Mo is 
bound directly to the carbon atom'iof carbon mono.xide (qv), to organic phosphinps 
ancl/or to a variety of unsatur^'t^d cai'bonaceous ligands, 

l\/lolybdenum(VI) 

The chemistry of hexavalent molybdenum is very prominent in both biological 
and mdustna! systems. Oxygen coordination of molybdenum is most common 
in sins oxidation state (.1-3). Molybdenum trioxide [1313-27-51 M0O3 is a key 
mtermediate in the technological utilization of molybdenum (Fig. 1). In the refin- 
ing of Mo molybdenite ore, M0S2, which contains tetravalent Mo, is first roasi ed 
m air to form impure M0O3. The MoOa is then reduced to the metal with hydro- 
gen from 500-1150°C. The trioxide melts at. 795°C but sublimes significantly 
below that temperature. The structure of M0O3 is a complex, layered arrange- 
ment in which each of the six-coordinate Mo(VI) atoms shares "the face of an 
octahedron with another Mo(VI) atom. The M0O3 reacts with base to produce 
•a variety of molybdate salts, the simplest of wliich are of the form MoMoO,' 
Sodium molybdate [7631-95-01 is an example. These water-.5oluble salts serve as 
the staiting materials for the .synthesis of a wide varietv of compounds 

The molybdate ion, MoOj-, is a four-coordinate, tetrahedra! anion The 
structure (Fig, 2a) resembles that of other Group 6 (VIB) and Group 16 (VIA) 

Zl'.To^ • !"^'"- '^'^^ ^'^^'--^te dimolybdate ion 
lib>JbJ-23-6l M02O7 , exists in NCCiHb)^ salts (see Quaternary ..ummonium 
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Fig. 1. Scheme for the preparation of technologically important compounds of inolybde- 
num, where M = Li, Na, K, Rb, Cs, and NH4. To convert MPa to psi, multiply by 145/ 



COMPOUNDS). DiammoniuTTi dimolybdate [27546-07-21 (NH4)';)Mo207, availablV *' 
commercially as the tetrahydrate and prepared from M0O3 and excess NH3 
in aqiiGOus solution at lOOX, has an infinite chain structure based on MoOg 
octahedra. In aqueous solution the behavior of Mo(VI) is extremely pH-dependent 
(4). Ab ove pH 7 molybdenum(VI) occurs as the tetrahedral oxy anion MoO^^'i'^^ ^ut; • 
Tg TpvTpH 7 a conrtplex series of concentration-, temperatur e- rSnli'"ffl^ctepenclent 
fit ^r^Hlir i a exist, .ine Pest known or these equiiiona leacTTo the tormation ol 
the heptamolybdate, M07O2T (Fig- 2h), and octamolybdate, M08O26. ions. Even 
larger aggregates may be present in solution and in salts. Both Moi20;^7 and 
Mo3eOu2(H20)jG have been isolated and crystallographically characterized (4). 
At sufficiently low pH in very dilute solutions, cationic forms such as MoOl"*^ 
and MoC*"^ are present. 

The polymolybdate and heteropolymolybdate ions constitute a broad and 
commercially significant class. In these ions molybdenum is six-coordinate with 
octahedral geometry (4-8), Oxo (0'^") groups bridge the Mo atoms and serve 
as terminal Uganda on some of the Mo ions. When other atoms are present 
during the acidification of molybdate solutions, a series of heteropolymolyb- 
dates is formed. For example, cations such as Cr^*^ or Co"**^, or anions such 
as PO4"orAs04", form the heteropoly anions H6erMo6024> HgCoMo6027, 
PMojaOilo ,.and AsMoi^Ojo, respectively. The yellow ion, PMoriO']^ , is analyti- 
cally useful, being formed in the molybdenum test for phosphate ion. Poly- and 
heteropolymolybdate ions are used in the precipitation of dyes. The protonated 
forms of the ions are strongly acidic and many poly- and heteropolymolybdate 



942 MOLYBDENUM COMPOUNDS 



Vol. 16 



O 2" 
I 

o o 



S 2- 
I 

s s 



0 I- 

hi/ 



1/ 

Mo 



O 0 



(a) 



(b.) 



(C) 



0 

•NHj il 



(d) 



CH3 



CH3 



0— Mo=0 
0 



CH3 0 



CH3 

(c) 



N-CH. 
I 

CH:, 



(f) 



Mo ^Mo 



0 O 

^Mo ^Mo • 

^Mo ,Mo .Mo* 

^Mo ^Mo 
0-^11 ^0"|| ^^0 
0 0 



(g) (h) 

Fjg. 2. Representative structures for compounds of molybdenuin(VT): (a) iTiolybdate(V]), 
MoOf; (b) tetrathiomolybdate(VI), MoSj"; (c) tetrakis(peroxo)moiybdate(VI)', Mo(02)ri 
(d) ds-trioxodiethylenetriamineniolybdenuiTi(VI), (MoOaCdien)), CiHiaNaSVloOs; (e) 
m-bis(acetylacetonato)dioxomolybdenum(VI), MoOziGrJ^^iOzh) (ft bisCdialkyldithiocar- 
bamato)disulfidooxoniolybdenum(VI), MoO(S2)(S2CNR2)2 (R = alkyl); ig) the dinuclear 
core structure for Mo^OV complexes; (h) heptamolybdate(Vl), M07O24. 



compounds have catalytic activity that is attributable to their acid -base or re- 
dox properties. 

The reduction of molybdate salts in acidic solutions leads to the forma- 
tion of the molybdenum blues (9). Reductants include dithionite, stannous 
ion, hydrazine, and ascorbate. The molybdenum blues are mixed-valence 
compounds where the blue color presumably arises from the intervalence 
Mo(V) Mo(VI) electronic transition. These can be viewed as intermediate 
members of the class of mixed oxy hydroxides the end members of which are 
Mo(VI)03 and Mo(V)0(OH)3 [27845-9 l-Gl M0O3 and Mo(VI) solutions have been 
used as. effective detectors of i-eductants because formation of the blue color can 
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